SUMMARY-A method is described for the rapid quantitation of the Rauscher leukemia virus with a spleen colony assay. Virus-induced cell colonies in the spleen can be scored macroscopically at 6 to 8 days after virus inoculation into adult mice, and the colonies consist predominantly of nucleated erythrocytes in various stages of differentiation. It was shown that there was a linear relationship between virus concentration and number of colonies in the spleen. The serial isolation of virus from single colonies thus provides a method for the production of genetically homogeneous lines of this virus. Six strains of mice were tested for susceptibility to the colonyforming unit (CFU) assay. The highest CFU titers were obtained with SWR and Swiss, somewhat lower titers with BALB/c, DBA/2, and C3H, and the lowest with C57BL/6 mice. Intravenous inoculation gave an average of 10 times higher CFU titers than intraperitoneal inoculation. Virus titers expressed as endpoint for leukemia in an observation period of 150 days were higher than virus titers expressed as CFU in an observation period of 7 days, by a factor of 13 and 71 in two experiments with spleen extracts, and by a factor of 6 when plasma was used as the source of virus. With the use of the CFU assay, the half-life of the Rauscher virus at 37 0 C was found to be about 70 minutes.-J Nat Cancer Inst 33: 535-546, 1964.
OF THE several murine leukemia viruses that have been isolated (1) (2) (3) (4) (5) (6) (7) (8) , one of the most recent is that described by Rauscher. This virus (8, 9 ) is characterized by its ability to produce rapid proliferation of predominantly erythrocytic elements and by the development of palpable spleens. Mice surviving this erythrocytopoiesis develop lymphatic leukemia. It would be of advantage for the analysis of cell-virus interactions to have a rapid quantitative assay method that can be used for virus titration and also for production of genetically homogeneous lines of virus. Experiments were therefore undertaken to develop such a method with the Rauscher virus. The finding of cell colonies containing erythroblasts and some other cell types in the spleens of irradiated mice (70, 11) and lymphoma cell colonies in the spleens of mice inoculated with lymphoma cells (12) suggested that it might be possible to use for rapid quantitation the formation of virus-induced cell colonies in the spleen. The present paper reports the development of such a quantitative spleen colony assay for the Rauscher virus and the results of experiments on some properties of the virus with the use of this assay system.
MATERIALS AND METHODS
Virus stocks.-A preparation of the Rauscher virus R-NCI-2-P262 was kindly supplied by Dr.
F. J. Rauscher of the National Cancer Institute, Bethesda, Maryland. This material was inoculated into SWR mice, which developed palpable spleens, and the virus was maintained in animals by intraperitoneal passage of leukemic spleen cells in adult SWR mice. Leukemic mice from transplant generation #19 to 42 were killed 10 days after inoculation of the leukemic spleen cells, and virus stocks were made either from plasma or spleen extracts.
For the preparation of the plasma, blood was collected into tubes containing about 100 units of heparin per ml of blood, the blood cells were sedimented by centrifugation at 500 X g for 10 minutes, and the supernatant plasma was removed. To prepare the spleen extracts, spleens were minced to a 10 percent suspension in Eagle's medium with a fourfold concentration of amino acids and vitamins, and the cell suspension was then subjected to 3 cycles of freezing at -50° C and thawing. The cell debris was sedimented by centrifugation at 500 X g for 10 minutes, and the supernatant was collected. The virus concentrations of the undiluted plasma and of the 10 percent spleen extract were both arbitrarily considered as 10°. The plasma and supernatant fluids from the spleen extracts were passed through either a Millipore filter (0.45 p. average pore diameter) or Selas candle filter (0.2 p. average pore diameter), and the virus stocks were then frozen at -50° C until they were used.
Mice.-The inbred strains SWR, BALBjc, DBAj2, C3H, and C57BLJ6 and a partly inbred strain of Swiss mice were used. Unless otherwise indicated, the adult mice were from 5 to 8 weeks old.
Media.-Phosphate-buffered saline (PBS) was used for virus dilution. Eagle's medium with a fourfold concentration of amino acids and vitamins supplemented with 20 percent horse serum was used in the experiments on thermal inactivation.
RESULTS

Formation of Cell Colonies in the Spleen
With the appropriate dilution, the Rauscher virus can induce macroscopically visible cell colonies in the spleen. A maximum of about 50 colonies per spleen can be counted.
To induce the formation of these cell colonies, plasma or spleen extracts from leukemic mice were diluted in PBS, and 0.2 ml of each dilution was inoculated, usually intravenously (see later), into adult mice. The inoculated animals were killed 6 to 8 days later, and their spleens removed and placed in a fixative consisting of 91 percent ethanol (70%), 4.5 percent glacial acetic acid, and 4.5 percent formaldehyde (40%). Macroscopic white spots, 1 to 2 mm in diameter, appeared on the spleens immediately after immersion in the fixative (figs. 1, 2, 3, and 4). From the 10th day after virus inoculation, colonies seen at 6 to 8 days were surrounded by many small colonies. These small colonies surrounding the larger ones were presumably secondary, produced from the primary colonies derived from the original virus inoculum. When the spleens were removed 2 weeks or later after virus inoculation, completely white spleens were observed after fixation, even with the same virus concentration, owing to confluency of the white spots. The spleens of mice inoculated with higher concentrations of virus also appeared completely white after fixation, even 6 to 8 days after inoculation.
Microscopically the white spots consisted of cell colonies (figs. 5,6, and 7). The cells in the colonies, as identified in smears stained with May-GrunwaldGiemsa, were predominantly nucleated erythrocytes in different stages of differentiation. Many cells were in mitosis. An examination of sections indicated that the colonies appeared first on the spleen surface and only later were they found inside the spleen. 
Proportionality Between Virus Concentration and Number of Colonies
Adult SWR mice were inoculated intravenously with virus from plasma and spleen extracts to determine the relationship between virus concentration and number of colonies. The results of 6 representative experiments, 2 with virus from spleen extracts and 4 with virus from plasma, are given in table 1 and text-figure 1. The data show a linear relationship between virus concentration and number of colonies. This indicates that a colony can be initiated by a single infective unit, which will be referred to as a colony-forming unit (CFU).
As a further check that a colony can be initiated by one CFU, the agreement between CFU per 
Effect of Age and Route of Inoculation
To determine the effect of age, SWR mice 30 to 150 days old were inoculated intravenously. The results (table 3) indicate no significant differences, for the age groups tested, in the average number of CFU per spleen. A comparison of intravenous and intraperitoneal inoculation was made in adult SWR and Swiss mice. It was found that to obtain about the same number of colonies per spleen the concentration of virus inoculated intraperitoneally had to be about 10 times higher than that inoculated intravenously. The results of 5 experiments (table 4) indicate that intravenous inoculation gave an average of 10.2 times higher values for CFU per m1 than intraperitoneal inoculation.
Susceptibility of Different Strains of Mice
Adult mice of the 5 inbred strains SWR, BALB/c, DBA/2, C3H, and C57BL/6 and the partly inbred Swiss strain were inoculated with plasma from leukemic SWR mice. The results indicate (table 5) that the highest CFU titers were obtained with SWR and Swiss, somewhat lower titers with BALB/c, DBA/2, and C3H, and the lowest with C57BL/6 mice. The titers obtained after intraperitoneal inoculation into C57BL/6 were at least 10 times lower than those after intraperitoneal inoculation into SWR or Swiss mice.
To determine whether the high susceptibility of SWR and Swiss mice was due to the use of virus that had been taken from SWR, further experiments with SWR, Swiss, and BALB/c were carried out with plasma from SWR, Swiss, or BALB/c leukemic mice. The results (table 6) indicate that, even when plasma from leukemic BALB/c mice was used, SWR and Swiss gave a higher CFU titer than BALBJc mice. These data thus suggest that the difference in CFU titers obtained in the various strains is due to a difference in mouse strain susceptibility to the virus-induced colony formation in the spleen.
Comparison of Virus Assay by Methods of Endpoint for Leukemia and Colony Formation in Spleen
The sensitivity of virus assay by the method of CFU in the spleen was compared with the method of titration by endpoint for leukemia. To determine CFU titers, virus was inoculated intravenously into 35-or 42-day-old mice, and the CFU counted after 7 days. With the endpoint for leukemia method, the virus was inoculated intraperitoneally into 5-or 30-day-old mice, the animals were observed for 150 days, and mice that had either died of leukemia or had palpable spleens at 150 days were scored as leukemic. The infective dose 50 (ID50) was then calculated by the method of Reed and Muench (13).
The results of 3 experiments with BALBJc, Swiss, or SWR mice are given in table 7. In these experiments the virus titer was higher, when expressed by the endpoint for leukemia method, by a factor of 13 and 71 with spleen extract and adult BALBJc and baby Swiss mice, respectively, for the endpoint method. However, when using plasma and baby Swiss mice for the endpoint method, the titer expressed as endpoint of leukemia was higher only by a factor of 6. .,. 
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Virus Stability at 37° C
To determine virus stability at 37° C, virus stock from plasma was diluted 1: lOin Eagle's medium supplemented with 20 percent horse serum and then incubated in a water bath in a 37° C incubator with a constant flow of 10 percent CO 2 in air. Portions of the virus suspension, 0.5 mI, were removed at hourly intervals and diluted in PBS, as determined in preliminary experiments, to give about 15 CFU per animal. Each sample was immediately inoculated intravenously into 5 SWR mice. The average results of 3 separate experiments are given in text-figure 2. Inactivation was exponential. The rate of inactivation was calculated according to the equation given by Rubin (14) . The half-life of the virus in the 3 experiments was about 57, 63, and 91 minutes, with an average value of about 70 minutes.
Effect of Freezing and Thawing, Sonic Vibration, and 30 Minutes at 56°C
Since both freezing and thawing and sonic vibration can be used for making cell extracts, the effects of both these treatments were tested. Virus stock from plasma was diluted 1: 10 in PBS, frozen at -50° C, and thawed in a 37° C water bath 3 times, or sonic vibrated at 9000 cycles per second for 3 minutes in a Raytheon 200 w, 10 kc magnetostrictive oscillator. The results (table 8) indicate no loss in CFU titer after sonic vibration and some decrease in titer after the 3 cycles of freezing and thawing. This decrease may have been due to the thawing and the high thermal inactivation of the virus at 37° C. In agreement with experiments using the endpoint for leukemia method of titration (8) , incubation at 56° C for 30 minutes (table 8) c::
c::
... • Five to 10 mice per experimental group. tOFU = colony·forming unit.
virus (15), thus provides a method for the production of genetically homogeneous lines of virus. This now makes it possible to determine whether the progeny of a single Rauscher CFU can produce both the erythrocytopoietic response and lymphoid leukemia. The spleen colony assay should also be applicable to the Friend virus (3). It would furthermore seem worth while to search in various organs, with the viruses that induce lymphoid leukemia, for colonies of virus-induced lymphoid cell proliferation. In contrast to the generally greater susceptibility of females to the induction of lymphoid leukemia (76--18), no sex difference was observed in the erythrocytopoietic response as measured by CFU. The observation, that of the 6 mouse strains tested the lowest CFU titer was obtained with C57BL/6 mice, would seem to be related to the finding of Rauscher (8), who observed in the disease induced in C57BL mice a decrease in erythrocytopoietic response and a more rapid development of lymphoid leukemia . The virus titers expressed as endpoint for leukemia in an observation period of 150 days were higher than those expressed as CFU in an observation period of 7 days, by a factor of 13 and 71 in two experiments with spleen extracts and by a factor of 6 when plasma was used. It is, however, difficult to decide how far this difference is due to different degrees of sensitivity of the 2 assay methods in measuring the amount of virus inoculated. The assay for CFU presumably measures the direct effects of the virus inoculum, whereas, in the longer observation period used in the endpoint for leukemia assay, there would be sufficient time for considerable multiplication of the input virus. Presumably, in both methods inoculated virus is adsorbed onto other cells on the way to the spleen, and, since this adsorption is presumably higher after intraperitoneal than after intravenous inoculation, this could account for the higher CFU titers obtained after intravenous inoculation. 
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